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Materials and general experimental methods.
Anhydrous solvents were purchased from Sigma-Aldrich. 2-Amino-6-methoxy-3-nitropyridine, 1 6-chloropyridine-2,3-diamine 2 and 4-(hydroxymethyl)benzamide, 3 were prepared as recorded in the literature. Methyl 6-amino-5-nitropicolinate 4 was synthesized as previously reported with slight modification to improve the yield (see below). 4.0 M HCl in dioxane was purchased from Aldrich. All other starting materials and reagents were purchased from commercial resources. Glassware used for anhyd reactions was baked in an oven at 150 °C for at least 1 h. Starting materials for anhyd reactions were dried prior to use at > 35 °C for 12 h on a vacuum line (< 10 × 10 -3 torr). Anhydrous reactions were done in a flask sealed with a septum and maintained with a balloon filled with argon and connected to the flask via a needle. Catalytic hydrogenation was carried out in a pressure reaction bottle with coupling ordered from Cole-Parmer and the reaction was vigorously stirred using magnetic stirrer. Ra-Ni (sponge nickel catalyst, 50% aqueous slurry) was purchased from Strem Chemicals, and the settled slurry was weighed, using a spatula, in a pre-weighed vial containing the hydrogenation solvent. Reactions were monitored by aluminumbacked TLC plates pre-coated with silica gel 60-F254, and spots on TLC were detected with UV light. Silica gel used for columns was 60 Å pore, 230-400 mesh, and columns were pressurized with compressed air. Melting points were not corrected. NMR Spectra were recorded on either Brucker Avance 400, or Brucker Avance III HD 600 spectrometer, using DMSO-d6 as solvent. High resolution (HR) MS were obtained with electrospray ionization (ESI) on a QTOFTM Waters Micromass. Reported elemental analyses showed C, H, and N composition that was within ±0.4 of the theoretical values.
General procedure for the cyclization of aza/benzimidazoles.
The diamine was freshly prepared by catalytic hydrogenation of the amino-nitro precursor using 10% Pd/C (10-15% w/w) and H2 (45 psi) in EtOH or MeOH at rt for 3-12 h. For 1e, the diamine was commercially available and was used as is. For the synthesis of 11 and 16, Ra-Ni (85% w/w) rather than Pd/C was used as a catalyst, using the using EtOH/EtOAc as solvents, and hydrogenation was complete after 48 h. The mixture was then filtered under argon over a layer of celite. After evaporation of the solvent, the diamine obtained was immediately mixed with the benzaldehyde derivative (1.00 equiv), sodium metabisulfite (0.55 equiv) and DMSO (1-1.5 mL/mmol of reactant). The mixture was stirred at 165 °C in an oil bath for 15 min, except for 1e and 1f, where the reaction was finished in only 10 min. The reaction flask was cooled to rt, then excess water was added, and the mixture was stirred for 10 min. The resulting precipitate (aza/benzimidazol) was separated by filtration, and air dried. Compounds 11, 15, 16, were further purified by crystallization.
General procedure for the one-pot synthesis of amidines.
The final nitrile/dinitrile intermediate was suspended in anhyd THF (~ 2 mL/mmol of intermediate). BSA (1.1 equiv/NH in the intermediate) was added to the reaction flask via a syringe, and the mixture was stirred under argon for 30 min at rt, by which time the reaction mixture became homogeneous. LHDMS (15 equiv/nitrile group) was added gradually to the stirred mixture at 0 °C. The mixture was then stirred for 4-6 h at rt, by which time TLC indicated complete reaction. The reaction mixture was cooled to 0 °C and quenched with a solution of 4.0 M HCl in dioxane or acetic acid in anhyd THF (1 equiv/LHDMS). The solvent was immediately evaporated under reduced pressure and high vacuum was applied. EtOH was added to the dry residue, followed by addition of EtOH-HCl until the mixture became acidic to pH paper.
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Additional EtOH-HCl was added and stirring continued for 2 h to give heavy ppt. The mixture was concd on the rota-vap, ether was added and the solid was separated by filtration. The solid was suspended in H2O (~ 3 mL/100 mg of crude) and 1 N NaOH was added until the pH of the mixture became > 9. The mixture was filtered, and the precipitate was air dried, suspended in a small amount of EtOH or MeOH, and treated with EtOH-HCl. Dilution with ether and filteration gave the amidine HCl salt.
Experimental details and characterization of products.
2-(4-Cyanophenyl)-5-methyl-4-azabenzimidazole, 1a. This compound was prepared starting from 2-amino-3-nitro-6-picoline (2.00 g, 13.1 mmol) and 4-cyanobenzaldehyde (1.71 g, 13.1 mmol) according to the general procedure for cyclization and was obtained as a pale yellow solid (2.97 g, 97% yield), mp 256-258 °C. 
13
C NMR (400 MHz, DMSO-d6): δ (ppm) 24.2, 112.8, 119.0, 119.1, 127.6, 133.4, 134.2, 150.7 and 153.6 2-(4-Cyanophenyl)-5-methoxy-4-azabenzimidazole, 1b. This compound was prepared starting from 2-amino-6-methoxy-3-nitropyridine (300 mg, 1.77 mmol) 4-cyanobenzaldehyde (233 mg, 1.77 mmol) according to the general procedure for cyclization and was obtained as a pale yellow solid (395 mg, 92% yield), mp 252-254 °C. 
C NMR (400 MHz, DMSO-d6): δ (ppm) 54. 1, 107.0, 112.1, 119.1, 126.9, 130.8, 131.1, 133.4, 134.6, 146.9, 148.1, and 161.9 5-Chloro-2-(4-cyanophenyl)-4-azabenzimidazole, 1c. This compound was prepared starting from 6-chloropyridine-2,3-diamine (200 mg, 1.39 mmol) and 4-cyanobenzaldehyde (183 mg, 1.39 mmol) according to the general procedure for cyclization and was obtained as a pale yellow solid (353 mg, 99% yield), mp > 300 °C. 1 H NMR (400 MHz, DMSO-d6): δ (ppm) 7.38 (1H, d, J = 8 Hz), m), 8.37 (2H, d, J = 8 Hz) , and 13.74 (0.5 H, br s) and 14.05 (0.5 H, br s).
C NMR (100 MHz, DMSO-d6): δ (ppm) 113.3, 118.9, 119.2, 127.9, 133.6, 133.7, 145.1, and 152.3 Methyl 2-(4-cyanophenyl)-4-azabenzimidazole-5-carboxylate, 1d. This compound was prepared starting from methyl 6-amino-5-nitropicolinate (531 mg, 4.06 mmol) and 4-cyanobenzaldehyde (954 mg, 4.06 mmol) according to the general procedure for cyclization and was obtained as an off-white solid (1.09 g, 96% yield), mp 276-278 °C. 
C NMR (100 MHz, DMSO-d6): δ (ppm) 52.8, 113.6, 118.8, 120.6, 128.1, 133.5, 133.6, 142.3, 154.3, and 165.9 54.4, 109.6, 123.7, 127.3, 127.7, 129.6, 130.6, 131.1, 146.1, 147.4, 162.7 and 165.3 
C NMR (100 MHz, DMSO-d6): δ (ppm) 119.3, 126.8, 127.6, 129.5, 130.2, 134.0, 145.1, 152.5 and 165.5 44.74; H, 3.93; N, 19.48. Found: C, 45.09; H, 4.08; N, 19.45. 2-(4-Cyanophenyl)-4-azabenzimidazole-5-carboxylic acid, 3. In a 50-mL round bottom flask was mixed 1d (800 mg, 2.88 mmol), LiOH (302 mg, 7.2 mmol, 2.5 equiv), and THF/H2O (1:1, 13 mL). The mixture was stirred for 3h, by which time TLC indicated completion of the reaction. The solvent was evaporated in vaccuo to leave a suspension of the reaction mixture in water. More water was added to obtain a clear solution. HCl (6M) was added at 0 °C until pH ~ 1. The precipitate formed was filtered, washed with water and dried under vacuum to give 3 as an offwhite solid (736 g, 96.9% yield), mp 296-298 °C. 
N-(4-Carbamoylphenyl)-2-(4-cyanophenyl)-4-azabenzimidazole-5-carboxamide, 4.
In a round bottom flask, 3 (138 mg, 0.52 mmol) was dried by coevaporation with anhyd DMF, and then BOP (273 mg, 0.62 mmol, 1.1 equiv) and 4-aminobenzamide (84 mg, 0.62 mmol, 1.1 equiv) were added and the contents of the flask were dried under high vacuum for 15 min at 65 °C. Anhydrous DMF (5 mL), and TEA (173 µL, 1.24 mmol, 2.2 equiv) were added, and the mixture was stirred under argon for 12 h at rt. The mixture was concd by partial removal of DMF under reduced pressure and then water was added. The resulting precipitate was collected by filtration, dried and purified with two silica gel columns that were pre-equilibrated with 1% TEA in CHCl3 and eluted with MeOH/CHCl3 (0:1-1:9). Evaporation of the eluting solvent afforded 4 as an off white solid (146 mg, 73% yield), mp > 300 °C. 
13
C NMR (100 MHz, DMSO-d6): δ (ppm) 113.6, 118.2, 118.9, 119.7, 128.1, 128.8, 129.7, 133.6, 133.9, 141.6, 145.2, 154.5, 163.8, and 168.0 
N-(4-Carbamoylphenyl)-2-(4-cyanophenyl)benzimidazole-5-carboxamide, 5.
In a round bottom flask, 1e (100 mg, 0.38 mmol) was dried by coevaporation with anhyd DMF, and then BOP (180 mg, 0.42 mmol, 1.1 equiv) and 4-aminobenzamide (57 mg, 0.42 mmol, 1.1 equiv) were added and the contents of the flask were dried under high vacuum for 15 min at 65 °C. Anhydrous DMF (2 mL), and TEA (120 µL, 0.84 mmol, 2.2 equiv) were added, and the mixture was stirred under argon at rt for 12 h to give a heavy precipitate. The mixture was then heated at 80 °C overnight, which resulted in a homogeneous mixture and completion of the reaction. The mixture was concd by partial removal of DMF under reduced pressure and then water was added. The resulting precipitate was collected by filtration, washed with water and dried to give pure 5 as an off-white solid (95 mg, 66% yield), mp > 300 °C. 9, 113.1, 118.7, 119.4, 119.8, 123.9, 127.6, 128.6, 129.0, 133.2, 133.8, 142.4, 166.7, and 168.7 N,2-Bis(4-cyanophenyl)-4-azabenzimidazole-5-carboxamide, 6. In a round bottom flask, 3 (200 mg, 0.757 mmol) was dried by coevaporation with anhyd DMF, and then BOP (368 mg, 0.83 mmol, 1.1 equiv) and 4-aminobenzonitrile (98 mg, 0.83 mmol, 1.1 equiv) were added and the contents of the flask were dried under high vacuum for 15 min at 65 °C. Anhydrous DMF (5 mL), and TEA (232 µL, 1.67 mmol, 2.2 equiv) were added, and the mixture was stirred under argon at rt for 48 h. The mixture was concd by partial removal of DMF under reduced pressure and then water was added. The resulting precipitate was filtered, washed with water and dried to give pure 6 as an off-white solid (228 mg, 83% yield), mp > 300 °C. 118. 4, 118.9, 119.6, 120.7, 128.1, 133.6, 133.8, 143.3, 144.9, 154.5 118.4, 119.9, 127.9, 128.9, 129.5, 130.4, 133.8, 141.4, 144.6, 144.9, 154.4, 163.7, 165.4, and 168.7 105.8, 115.0, 116.0, 120.0, 120.8, 124.8, 128.2, 128.7, 129.6, 133.6, 136.7, 138.9, 144.0, 151.2, 165.4, 166.4, and 168 
13
C NMR (100 MHz, DMSO-d6): δ (ppm) 118.7, 120.6, 122.7, 124.0, 127.9, 129.2, 129.3, 130.2, 132.9, 133.2, 143.1, 144.3, 151.7, 154.4, 164.0, 165.2, and 165.4 
. HRMS (ESI) m/z [M+H]
+ : calc'd for C21H18ON8 399.1677, found 399.1682. Anal. Calcd for C21H18N8O-2.3HCl-H2O-0.3(C2H5) 2O: C, 51.12; H, 4.89; N, 21.50. Found: C, 51.27; H, 4.55; N, 21.12 .
2-(4-Carbamoylbenzyloxy)-6-amino-5-nitropyridine, 10. 4-(Hydroxymethyl)benzamide (350 mg, 2.3 mmol) was dried under vacuum and added to a flask containing t-BuOK (387 mg, 3.45 mmol, 1.5 equiv) that was purged with argon, and then anhyd dioxane (10 mL) was added. The mixture was stirred at 50 °C for 30 min under argon and then 2-amino-6-chloro-3-nitropyridine (402 g, 2.3 mmol, 1 equiv) was added. The orange reaction mixture was stirred at 95 °C overnight. The reaction was cooled to rt, quenched with NH4Cl, and then the solvent was evaporated to dryness. Water (15 mL) was added to the solid residue and the mixture was sonicated for 5 min, filtered and air dried to give pure 10 as a yellow solid (581 mg, 88% yield), mp 239-241 °C. 
13
C NMR (100 MHz, DMSO-d6): δ (ppm) 67.8, 101.6, 121.7, 128.1, 128.6, 134.4, 138.6, 139.8, 154.6, 166.1, and 168.0 
C NMR (100 MHz, DMSO-d6): δ (ppm) 67.3, 107.2, 112.3, 119.1, 127.1, 127.8, 128.1, 131.1, 133.5, 134.1, 134.6, 141.0, 146.8, 148.5, 160.9, and 162.8 4, 108.7, 127.4, 128.1, 128.8, 129.5, 130.1, 134.1, 140.8, 148.5, 161.4, 165.4 1,3-Bis(2-amino-3-nitro-6-pyridyloxy)propane, 13. 1,3-Propanediol (210 µL, 2.91 mmol) was added via a syringe to a 100-mL round bottom flask containing a mixture of anhyd dioxane (12 mL) and t-BuOK (980 mg, 8.73 mmol, 3 equiv). The mixture was stirred under argon at 50 °C for 30 min and then 2-amino-6-chloro-3-nitropyridine (1.01 g, 5.82 mmol, 2 equiv) was added. The orange reaction mixture was stirred at 95 °C overnight. The reaction was cooled to rt, quenched with NH4Cl, and then the solvent was evaporated to dryness. Water was added to the solid residue and the solids were filtered, air dried and purified by silica gel column eluted with MeOH/THF/CH2Cl2 (0:0:100-1:0.5:98.5). Evaporation of the eluting solvent afforded 13 as bright yellow crystals (380 mg, 38% yield), mp 198-200 °C. 1,4-Bis(2-amino-3-nitro-6-pyridyloxymethyl)benzene, 14. 1,4-Benzenedimethanol (419 mg, 2.91 mmol) was dried under vacuum and added to a flask containing t-BuOK (970 mg, 8.64 mmol, 3 equiv) that was purged with argon, and then anhyd dioxane (15 mL) was added. The mixture was stirred at 50 °C for 30 min under argon and then 2-amino-6-chloro-3-nitropyridine (1.02 g, 5.76 mmol, 2 equiv) was added. The orange reaction mixture was stirred at 95 °C overnight. The reaction was cooled to rt, quenched with NH4Cl, and then the solvent was evaporated to dryness. Water was added to the solid residue and the mixture was sonicated for 5 min, then filtered and air dried to give a crude product (1.11 g) that was sonicated with acetone (30 mL) for 1h, followed by sonication with MeOH (20 mL) for 1 h to give after filtration 14 as orange solid (830 mg, 69% yield), mp 267-270 °C. To obtain an analytically pure sample, a saturated solution of 100 mg of 14 in hot DMF was adsorbed on silica gel, dried and loaded on top of a silica gel column, which was eluted with MeOH/CH2Cl2 (0:100-2.5:97.5). 
1,3-Bis[2-(4-cyanophenyl)-4-azabenzimidazol-5-oxy]propane, 15.
This compound was prepared starting from 13 (200 mg, 0.57 mmol) and 4-cyanobenzaldehyde (167 mg, 1.14 mmol, 2.00 equiv) according to the general procedure for cyclization. The resulting solid was further purified by silica gel column eluted with MeOH/CHCl3 (0:100-10:90). Evaporation of the eluting solvent afforded 15 as a pale yellow solid (190 mg, 65% yield), mp > 300 °C. 
13
C NMR (150 MHz, DMSO-d6): δ (ppm) 28.6, 63.7, 109.1, 125.0, 127.5, 129.5, 130.2, 132.3, 147.1, 147.9, 162.0, and 165.4 
. HRMS (ESI) m/z [M+H]
+ : calc'd for C29H27O2N10 547.2318, found 547.2313. Anal. Calcd for C29H26N10O2-4HCl-1. 48.21; H, 4.79; N, 19.14. Found: C, 48.50; H, 4.84; N, 18 .83. 
1,3-Bis
13
C NMR (100 MHz, DMSO-d6): δ (ppm) 67.5, 107.8, 126.9, 127.1, 128.4, 129.4, 134.5, 137.3, 148.9, 161 
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Synthesis of 2a by the amidoxime method.
2-(4-[N'-Hydroxyamidino]phenyl)-5-methyl-4-azabenzimidazole.
To a solution of NH2OH.HCl (890 mg, 12.8 mmol, 10.0 equiv) in DMSO (5 mL) was gradually added t-BuOK (1.44 g, 12.8 mmol, 10.0 equiv) at 0 °C. After stirring at rt for 30 min, 1a (300 mg, 1.28 mmol) was added, and the mixture was stirred overnight, by which time TLC showed complete reaction. Water was added, and the resulting precipitate was filtered and air dried to give the title compound as a pale yellow solid (320 mg, 93% yield). mp 286-288 °C. 24.5, 118.4, 126.3, 126.7, 126.8, 127.0, 130.5, 147.6, 149.4, 150.7, 151.5, 152.4 
2-(4-[N'-Acetoxyamidino]phenyl)-5-methyl-4-azabenzimidazole.
In a 25-mL round bottom flask, the above hydroxyamidino product (318 mg, 1.19 mmol) was mixed with acetic acid (9 mL) and acetic anhydride (0.45 mL, 4.76 mmol, 4.00 equiv). The resulting solution was stirred overnight at rt. Additional acetic anhydride (4 mL) was added, and the mixture was stirred for another 24 h. The solvent was evaporated under reduced pressure, and remaining acetic acid was removed by coevaporation with toluene. The solid residue was purified on silica gel column eluted with . Evaporation of the eluting solvent afforded the title compound as a pale yellow solid (104 mg, 28% yield). mp 289-290 °C. 
13
C NMR (100 MHz, DMSO-d6): δ (ppm) 20.3, 24.6, 118.6, 126.8, 127.2, 127.7, 132.1, 133.5, 134.0, 149.4, 151.2, 153.4, 156.3, and 168.9 
2-(4-Amidinophenyl)-5-methyl-4-azabenzimidazole acetate.
In a hydrogenation bottle containing a mixture of 10% Pd/C (25 mg) and EtOH/EtOAc/AcOH (3:2:1 v:v:v, 24 mL) was added the above acetoxyamidino product (100 mg, 0.33 mmol). The bottle was evacuated using an aspirator, and then charged with H2 gas in a process that was repeated three times before the mixture was left to stir under H2 gas at 45 psi overnight. The mixture was filtered over Celite, and the filtrate was evaporated and coevaporated with toluene to give a white solid. Sonication with EtOH (7 mL) for 2 h and addition of ether (5 mL) gave, after filtration, the title amidine acetate as a white solid (88 mg, 82% yield). mp 255-56 °C. 
13
C NMR (600 MHz, DMSO-d6): δ (ppm) 24.4, 118.6, 125.1, 126.8, 127.2, 128.8, 131.7, 131.7, 134.7, 152.1, and 153.5 Optimized synthesis of 6-amino-5-nitropicolinate.
2-Amino-6-(2-(dimethylamino)vinyl)-3-nitropyridine.
4
In a two-neck round bottom flask, connected with a condenser and flushed with argon, was added 2-amino-3-nitro-6-picoline (4.00 g, 26.1 mmol), anhyd DMF (40 mL) and N,N-Dimethylformamide dimethyl acetal (8.74 mL, 65.3 mmol, 2.5 equiv). The homogeneous dark mixture was heated at 160 °C overnight under argon, by which time TLC confirmed reaction completion. The mixture was transferred to a single-neck flask, and DMF was removed under reduced pressure to give dark red syrup. DI water was added to fill the flask, and the mixture was sonicated for 4 h with a metal spatula inserted in the mixture. A bright red suspension was obtained with some sticky darker materials in the bottom. The suspension was stirred overnight and filtered leaving out the dark materials. Air drying gave the title compound as a bright red powder (4.64 g, 85% yield). Literature yield is 38.5%. 2-Amino-6-(2-(dimethylamino)vinyl)-3-nitropyridine (4.64 g, 22.3 mmol) was stirred with t-BuOH (95 mL) in a 500-mL round bottom flask, and sonicated for 30 min. K2CO3 (6.17 g, 44.6 mmol, 2 equiv) was dissolved in DI H2O (95 mL) and added to the reaction flask. KMnO4 (8.85 g, 56.0 mmol, 2.5 equiv) was added portionwise, and the reaction was stirred for 3 h at room temperature. TLC showed incomplete reaction so more KMnO4 (2.8 g) was gradually added, and the mixture was stirred for another 3 h. The mixture was dried under reduced pressure and washed three times by adding ethyl acetate (180 mL) to the flask, followed by stirring and sonication for 20 min, and decanting or filtering the solid. The resulting brown solid was dried on high vacuum and coevaporated with MeOH two times. MeOH (130 mL) was added to the flask, and then sulfuric acid (20 mL) was added gradually with stirring. The mixture was refluxed overnight, and then MeOH was removed under reduced pressure to leave a suspension of the product in H2SO4. Neutralization with 1 N NaOH (320 mL), followed by filtration, air drying and purification on silica gel column eluted with EtOAc/CH2Cl2 (0:10-1:9) afforded the title compound as a yellow solid (2.65 g, 60.3% yield). 
